NASA SBIR/STTR Technologies

MULTI-SCALE, MULTI-PHYSICS SOFTWARE
FOR DESIGN OF INTEGRATED NANOBIOSYSTEMS

J/BIR
fTIR

Pl: Jerry Jenking/ CFD Research Corporation, Huntsville, AL

Description and Objectives:

* Current Status. Confluence of nanotechnology and
biology holds great promise to science and to society vi
integrated nanobiosystems. Design of these complex
products requires characterization of the nano and
device scale and their interaction. Currently there are
no commercial multiscale software suites supporting
design of nanoscale bio-devices.

» Objective: Develop auniversal method for coupling
nanoscal e physics to continuum using stochastic
methods. Demonstrate capability on DNA nanopore
sequencing device.

Proposal No.: B5.03-7223

Most detailed information, but
high computational cost.

Molecular Level Simulations

(MD, MC)
Transition Drift/Diffusion
Rate Matrix Coefficients

Drift/Diffusion
CoefTicients

Incorporate detail of

Master Equation » el molecular scale through

Equation probability distribution

Local function.

PDF Conditions

PDF Local
Conditions

Continuum Transport Models

Able to model arbitrary 3D
geometries using FVM.

Approach:
» Generate molecular model of a DNA nanopore system.

* Perform molecular level ssimulations to the internal
energy surface of the nanopore.

* Construct a Fokker-Planck Equation from the internal
energy surfaces of the nanopore to compute the
translocation rates for each DNA base, and for the chain
asawhole.

* Couple the Fokker-Planck model to the convective
diffusive transport equations as a source term.

» Demonstrate the value of the new tool on a nanopore
segencing device.

Schedule and Ddliver ables:

* Phasel:
» Develop generalized methods to couple stochastic to device
level.
» Demonstrate the technique on DNA nanopore sequencer.
s Phasell:
» Develop nanoscale unit operations general enough to
handle many different types of physics.
» Develop software further (GUI, external databases, ...)

NASA & Commercial Applications:

* Enables system dessign and optimization of nanopore sequencers,
Nanosensor arrays, lon Channel Platforms etc..

» Thiseffort will leverage work at CFDRC (Plasma, hybridization),
and will generalize the approach for bio-applications.
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